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Magnetic Field and Pressure Phase Diagrams of 
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We have performed magnetization measurements at high magnetic fields of up to 53 T 
on single crystals of a uranium heavy- fermion compound U2Zni7 grown by the Bridgman 
method. In the antiferromagnetic state below the Neel temperature Tn = 9.7 K, a metamagnetic 
transition is found at H c ~ 32 T for the field along the [1120] direction (a-axis). The magnetic 
phase diagram for the field along the [1120] direction is given. The magnetization curve shows 
a nonlinear increase at H m ~ 35 T in the paramagnetic state above Tn up to a characteristic 
temperature T xmax where the magnetic susceptibility or electrical resistivity shows a maximum 
value. This metamagnetic behavior of the magnetization at H m is discussed in comparison 
with the metamagnetic magnetism of the heavy- fermion superconductors UPt3, URU2S12, and 
UPd2Al3. We have also carried out high-pressure resistivity measurement on U2Zni7 using 
a diamond anvil cell up to 8.7 GPa. Noble gas argon was used as a pressure-transmitting 
medium to ensure a good hydrostatic environment. The Neel temperature Tn is almost pressure- 
independent up to 4.7 GPa and starts to increase in the higher-pressure region. The pressure 
dependences of the coefficient of the T 2 term in the electrical resistivity A, the antiferromagnetic 
gap A, and the characteristic temperature T pmax are discussed. It is found that the effect of 
pressure on the electronic states in U2Zni7 is weak compared with those in the other heavy 
fermion compounds. 

KEYWORDS: U2Zni7, magnetic phase diagram, pressure phase diagram 



1. Introduction 

Uranium intermetallic compounds exhibit unique elec- 
tronic states such as magnetic orderings, heavy fermions, 
and anisotropic superconductivity. 1-3 ' These proper- 
ties are basically derived from the competition between 
the Ruderman-Kittel-Kasuya-Yosida (RKKY) interac- 
tion and the hybridization (Kondo) effect. The former in- 
teraction enhances the long-range magnetic order, where 
5/ electrons with magnetic moments are treated as local- 
ized electrons and the indirect 5/-5/ interaction is medi- 
ated by the spin polarization of the conduction electrons. 
On the other hand, the latter effect quenches the mag- 
netic moments of the localized 5/ electrons by the spin 
polarization of the conduction electrons, leading to an 
extremely large density of states, called heavy fermions. 

The application of pressure is a useful experimental 
method for controlling the magnetic RKKY interaction 
and hydridization effect. As pressure is applied to some 
compounds with magnetic orderings, the magnetic or- 
dering temperature T mag decreases and becomes zero at 
a critical pressure P c : T mag — >0 at P — >• P c , where the 
pressure-induced superconductivity or non-Fermi liquid 
behavior appears. The pressure dependence of the mag- 
netic ordering temperature T mag in cerium compounds 
is basically explained by the Doniach model, in which 
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varies as a 



the magnetic ordering temperature T mag 
function of J c /|T>(£f), 4 ' where |J C /| is a magnitude of 
the magnetic exchange interaction between the localized 
moment and the conduction electron spin, and -D(ef) 
is the electronic density of states at the Fermi energy 
£p. The pressure-induced superconductivity was discov- 
ered around P c in some cerium antiferromagnetic com- 
pounds such as CeCu2Si2, CeRh 2 Si2, CePd2Si2, Celn 3 , 



and CeRhln; 



5-8) 



On the other hand, pressure exper- 



iments on uranium compounds are small in number, 
and moreover, the pressure effect in uranium compounds 
seems to be small compared with that in cerium com- 
pounds of which the critical pressures P c arc usually 
below 10 GPa. The pressure-induced superconductivity 
was only observed below P c of the ferromagnetic state in 
UGe 2 and Ulr. 9 " 12 ) 

In this study, we focus on the uranium heavy-fermion 
antiferromagnet U 2 Zni7 and studied its electrical and 
magnetic properties at a high magnetic field and a 
high pressure. Vi^i^n crystalizes in the rhombohedral 
Tb.2Zni7-type structure (space group i?3m). 13, 14 ' At am- 
bient pressure, U 2 Zni7 shows antiferromagnetic ordering 
at a Neel temperature Tn — 9.7 K with an ordered mag- 
netic moment fi ol -d — 0.8 ^b/U. 15,16 ' The ordered mo- 
ment is substantially below the paramagnetic moment of 
3.15 /^b/U deduced from the high-temperature magnetic 
susceptibility measurement on a single crystal sample. 17 ' 
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The specific heat coefficient C/T shows a large value of 
about 500 mJ/K 2 -molU above Tn but is reduced to about 
7 = 200 mJ/K 2 -mol at T <c T N . 13 ) These results reveal 
the heavy-fermion nature of an itinerant-5/ electronic 
state in L^Zniy. A previous high-pressure experiment on 
U2Zni7 showed that the antiferromagnetic ordering tem- 
perature Tn increases slightly with increasing pressure 
from T N = 9.70 K at 1 bar to 9.85 K at 1.72 GPa. 18 - 19 ' 
In this study we have measured the magnetization under 
high magnetic field, as well as performed the resistivity 
measurement under high pressures of up to 9 GPa using 
a diamond anvil cell. 

2. Experimental Methods 

A single-crystal sample of UaZni7 was obtained by the 
Bridgman method with a W crucible sealed with argon 
gas. The crucible was kept at 950-1050 °C for 12 h and 
then cooled down slowly at a constant rate. The crystal 
structure was investigated by single- crystal X-ray diffrac- 
tion techniques using an imaging plate (IP) area detec- 
tor (Rigaku Corporation) with Mo Ka radiation at room 
temperature. 

The electrical resistivity at both ambient and high 
pressures was measured by the four-probe DC method 
in the temperature range from 2 to 300 K. The mag- 
netic susceptibility and magnetization were measured us- 
ing a commercial superconducting quantum interference 
device (SQUID) magnetometer in the temperature range 
from 2 to 300 K. The high- field magnetization was mea- 
sured by the standard pick-up coil method at the nigh- 
Magnetic-Field Laboratory KYOKUGEN, Osaka Uni- 
versity using a long-pulse magnet with a pulse duration 
of 20 ms. 

For the high-pressure study a small sample was cut 
and polished to 180x50x20 ;im 3 . Four gold- wires 10 /im 
in diameter were bonded to the sample using silver paste. 
We used a diamond anvil cell of the Dunstan and Spain- 
type. 20 ' 21 ) The sample and small ruby chips were placed 
in a sample hole 400 /im in diameter of a stainless-steel 
gasket in DAC. The culet-size of the diamonds is 800 /im. 
The electrodes are insulated from the metal gasket using 
a mixture of AI2O3 powder and stycast 12 66. 20 ~ 23 ) For a 
pressure-transmitting medium, we used the noble gas ar- 
gon (Ar), which is known to provide a good hydrostatic 
condition up to 10 GPa at room temperature. 24 ' 25 ' We 
confirmed that argon is also appropriate as the pressure- 
transmitting medium in the cryogenic experiment under 
high pressure. 26 - 1 Argon can be liquefied at 87 K. It was 
loaded into the sample chamber of DAC using a purpose- 
built cryogenic device. The pressure was determined by 
the ruby fluorescence method at room temperature and 
4.2 K. 27 ~ 29 ' We used the hydrostatic ruby pressure scale 
obtained by Zha et a/. 30 ) Some ruby chips with a di- 
ameter less than 5 /im are placed in the sample cham- 
ber. Note that the pressure does not change significantly 
during the cooling process for the present DAC. The dif- 
ference between the pressure at 4.2 and 300 K is less 
than 5%. This is different from the other types of dia- 
mond anvil cells where the pressure at low temperatures 
is usually about 1 GPa higher or lower than that at room 





Fig. 1. (Color online) Crystal structure in U2Zni7. 



temperature. In the following, the pressure determined at 
4.2 K will be shown. 

3. Results and Discussion 

3.1 Crystal structure of 

Figure 1(a) and 1(b) show the crystal structure of 
U2Zni7. Crystallographic parameters for U2Zni7 at room 
temperature is shown in Table I. The lattice parame- 
ters are a =8.9830(4)A and c = 13.1800(9) A at room 
temperature. The crystallographic parameters are con- 
sistent with the previous study within experimental er- 
ror. 31 ) It is noted that the atomic coordinates in Table 
I are standardized using STRUCTURE TIDY. 32 " 1 The 
unit cell shown in Fig. 1 (a) containing 6 formula units 
(114 atoms) appears complicated. To illustrate the lo- 
cal environment around the uranium site, we picked up 
neighboring Zn atoms, as shown in Fig. 1(b). The ura- 
nium site has 19 Zn neighbors, forming a nearly spherical 
cage, with an open space toward the other uranium site 
connected to the next Zn cage. The center of mass of the 
unit consisting of 2 U and 32 Zn atoms shown in Fig. 
1(b) is located at (0,0,1/2) and equivalent positions. The 
magnetic moments of the U ions in the cage, lying in the 
(0001) plane, are antiferromagnetically coupled in the or- 
dered state below Tn- 15 ' 16 - ) The direction of the moment 
in the basal plane is not determined. 
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Table I. Crystallographic parameters for U2Z1117 at room tem- 
perature in the hexagonal setting (space group R3m) with lat- 
tice parameters a =8.9830(4)A and c = 13.1800(9) A. The con- 
ventional unweighted and weighted agreement factors of Ri and 
uii?2 are 7.9 and 19%, respectively. 



a broad maximum at T. 



pmax 



18.7 and 23.5 K for J 



[1120] and [0001], respectively. The resistivity shows a 
sharp kink at the Neel temperature Tn = 9.65 K and de- 
creases steeply with decreasing temperature. We define 
Tn as the peak position in the temperature dependence of 
d 2 p/dT 2 . The overall feature of the temperature depen- 
dence of the resistivity is roughly consistent with that re- 
ported in a previous study using a polycrystal sample. 13 ^ 
Thus far, the temperature dependence of the resistivity 
using a single crystal sample was reported only for J || 
[0001]. 33 ) The resistivity p for J || [1120] is found to be 
approximately half as small as that for J || [0001] above 
T N . 

Figure 3(a) shows the logarithmic-scale of the temper- 
ature dependences of the magnetic susceptibility \ f° r 
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Fig. 2. (Color online) Temperature dependences of the electrical 
resistivity at 1 bar for currents along J || [1120] and [0001] di- 
rections in U2Zni7. 
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3.2 Resistivity and magnetic susceptibility at 1 bar 

Figure 2 shows the logarithmic-scale of the tempera- 
ture dependences of the electrical resistivity p for the cur- 
rents along the J |j [1120] (a-axis) and [0001] (c-axis) di- 
rections. The values of the residual resistivity ratio (RRR 
= Pkt/po) are 75 for J || [1120] and 81 for J || [0001], 
where prt and po are the resistivity at room tempera- 
ture and the residual resistivity, respectively, indicating 
a comparably high quality of the present samples. The 
resistivity p increases with decreasing temperature with 
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Fig. 3. (Color online)Temperature dependences of (a) the mag- 
netic susceptibility \ an d (b) the inverse susceptibility l/\ for 
the magnetic fields along [1120], [1010], and [0001] directions in 
U 2 Zm 7 . 



the magnetic fields along the [1120], [1010], and [0001] 
directions. The magnetic susceptibilities \ f° r H || [1120] 



and [1010] have broad maxima at T xmax ~ 17 K, which 
is close to T pmax at which the resistivity shows a maxi- 
mum. T xmax or T pmax corresponds to the characteristic 
temperature To of the electronic state in \J2Znn. The 
susceptibility x shows a sharp kink at the antiferromag- 
netic transition temperature Tn = 9.8 K and decreases 
steeply below Tn- 

The inverse magnetic susceptibility 1/x follows the 
Curie-Weiss law above 40 K for H || [1120] and [1010], 
and above 100 K for H || [0001], as shown in Fig. 3(b). 
The effective paramagnetic moments p, c s and the Curie- 
Weiss temperatures 9 are = 3.19 /xb/U and - 91 K for 
H || [1120], 3.15 hb/U and -87 K for H || [1010] , and 
2.99 /x B /U and 6 = -109 K for iJ || [0001], respectively. 
These values of p c g for H \\ [1120] and [1010] are roughly 
similar to the values for a free U ion value of 3.6 /xb/U 
in the 5/ 2 and 5/ 3 configurations. 

The anisotropy of \ for three axes becomes smaller 
with decreasing temperature in the antiferromagnetic or- 
dered state below Tn - In particular, there is no significant 
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Magnetic field (T) 

Fig. 4. (Color online) Magnetization curves in the magnetic field 
along [1120] and [1010] directions at 1.3 K in U2Zm 7 . 

difference between the temperature dependences of \ f° r 
H || [1120] and [1010] perpendicular to the [0001] direc- 
tion. A previous work has shown the magnetic suscep- 
tibilities for the fields parallel and perpendicular to the 
[0001] direction. 17 ) The result is basically consistent with 
the result of the present work. In the present study, it was 
clarified that there is no anisotropy of \ inside the (0001) 
plane even below Tn- It is noted that the value of the crit- 
ical exponent of the magnetic Bragg intensity j3 (= 0.36 
± 0.02) in the neutron scattering experiment for U2Zni7 
is between those expected for three-dimensional Heisen- 
berg (j8 = 0.367) and XY {(3 = 0.345) magnets. 16 - 34 ' 
The anisotropy of the antiferromagnetic state is weak in 
U 2 Zni 7 . 

3.3 High-magnetic- field experiment 

Figure 4 shows the magnetization curves for the field 
along the [1120] and [1010] directions at 1.3 K. There is 
no strong anisotropy in the magnetization processes at a 
low magnetic field. The magnetization for H || [1120] in- 
creases approximately linearly with increasing magnetic 
field and shows a metamagnetic transition at H c = 33 
T. With further increasing field, the magnetization in- 
creases monotonically and amounts to 1.1 /xb/U at 50 T. 
The present value is larger than the antiferromagnetic 
ordered moment (0.8 /^b), indicating the itinerant band 
magnetism of 5/ electrons in L^Zniy. The magnetization 
for H || [0001] increases linearly as a function of magnetic 
field and starts to deviate upward from about 42 T. This 
result suggests that the metamagnetic transition also ex- 
ists for H || [0001] at a magnetic field higher than 52 T, 
the highest magnetic field in the present study. 

Figure 5 (a) shows the magnetization curves in the 
magnetic field along the [1120] direction at various tem- 
peratures. The corresponding field derivatives of the 
magnetization curve, dA//diJ, are shown in Fig. 5 (b). 
The metamagnetic transition at H c becomes broad with 
increasing temperature up to 9.2 K, just below Tn = 9.65 




Magnetic field (T) 



Fig. 5. (Color online) (a) Magnetization curves at various tem- 
peratures and (b) differential magnetization curves for the field 
along the [1120] direction in U2Zni7. 

K. At 11, 12, and 14 K, the slope of the magnetization 
curves shows another metamagnetic behavior at H m . In 
fact, there appear broad peaks at H m in the AM /AH 
curves at these temperatures, as shown in Fig. 5 (b). At 
20 K, the magnetization increases linearly. 

Figure 6 shows the magnetic phase diagram for H | 
[1120]. The data obtained from the high- field magneti- 
zation measurement are shown by open circles and dia- 
monds. The field dependences of Tn and T xmax , deter- 
mined by the SQUID magnetization measurement, are 
shown by open squares and triangles, respectively. The 
metamagnetic transition field H c in the antiferromag- 
netic order state decreases from 32.5 T at 1.3 K to 27.8 
T at 9.2 K. A curve connecting the H c data seems to 
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Fig. 6. (Color online) Magnetic phase diagram of U2Zni7 for the 
field along the [1120] direction. Solid and dotted lines are a guide 
to the eyes. 
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Fig. 7. (Color online) Metamagnetic anomaly fields H m of several 
heavy-fermion compounds, shown in logarithmic scale. A closed 
circle corresponds to that in the case of U2Zni7. 



reach the phase boundary of Tn below 7 T. It seems that 
the metamagnetic behavior at H m in the paramagnetic 
state appears in the temperature region between Tn and 
T 

We suggest that the metamagnetic behavior at H m 
in the paramagnetic state of U2Zni7 is similar to those 
observed for heavy-fermion compounds such as UPt3, 
URu2Si2, and UPd2Ai3 below T xmax , where the mag- 
netic susceptibility shows a maximum. 35-37 ' It is basi- 
cally supposed that the behavior is associated with the 
change of the hybridization effect between conduction 
electrons with a wide energy band and almost localized 
/-electrons. 1 ' Almost localized /-electrons become itin- 
erant with decreasing temperature through the many- 
body effect. The crossover from localized to itinerant oc- 
curs at a characteristic temperature To, corresponding 
to T xmax or T pmax , where the magnetic susceptibility or 



the electrical resistivity has a maximum. The metam- 
agnetic behavior appears at H m , where the relation of 
fcBT xmax ~ PbH c is realized by applying magnetic field, 
as shown in Fig. 7. The relation of T xmax = 17 K and 
H m = 32 T in Vi^i^n is shown in the Fig. 7 by a closed 
circle, approximately consistent with this relation. 

Various microscopic theoretical studies have been per- 
formed on the metamagnetic behavior of the magneti- 
zation in heavy-fermion compounds. Miyake and Ku- 
ramoto have calculated the magnetization process us- 
ing a semi-phenomenological model called the duality 
model of heavy fermions on the periodic Anderson lat- 
tice model. 38 ' 39 ' In the model, the metamagnetic behav- 
ior takes place when the second derivative of the density 
of states is positive and the coupling between itinerant 
and localized parts of / electrons is large. From a differ- 
ent point of view, it was proposed that the anisotropy 
of the hybridization matrix element yields the character- 
istic shape of the density of states that plays a major 
role in the metamagnetism. 40,41 ' Ohkawa and cowork- 
ers clarified the spin-lattice effect cooperating with the 
ferromagnetic exchange interaction causes the metamag- 
netic behaviors. 42-44 ' Although a final consensus has not 
been established yet, the metamagnetic behavior in the 
heavy-fermion system is one of the important issues in 
/-electron magnetism. We hope that the present obser- 
vation in U2Zni7 stimulates future studies on the issue. 

3-4 High-pressure experiment 

Figure 8 (a) shows the logarithmic temperature depen- 
dence of the electrical resistivity p in the current parallel 
to the [1120] direction under high pressures. The resis- 
tivity at room temperature increases slightly with in- 
creasing pressure. The characteristic temperature T pmax , 
where the resistivity shows a maximum, is shifted to the 
higher temperature side with increasing pressure. T pmax 
is 27.6 K at 8.7 GPa. 

To clarify the behavior of the resistivity p around the 
magnetic ordering temperature Tn, we show the low- 
temperature resistivity in Fig. 8 (b), where the Neel tem- 
perature Tn is shown by an arrow. The pressure depen- 
dence of Tn is shown in Fig. 9. The Neel temperature 
Tn is almost pressure-independent up to 4.7 GPa. Above 
the pressure, Tn starts to increase with increasing pres- 
sure. Tn is 12.2 K at 8.7 GPa. A characteristic feature 
is that the sign of dT^/dT changes at approximately 5 
GPa. The present result is roughly consistent with that 
of the previous study up to 1.7 GPa. 18 ' 19 ' 

The resistivity below Tn is analyzed using the antifer- 
romagnetic magnon model described as 



p = Po + AT 2 + BT(1 



(1) 



2T A 
^-)exp(- — ), 

where the third term corresponds to the contribution of 
the electron scattering by an antiferromagnetic magnon 
with an energy gap A, which was used in the analyses of 
URu 2 Si 2 and CePd 2 Si 2 . 45 ' 46) A fit of the resistivity data 
is shown by solid lines in Fig. 8 (b). The pressure depen- 
dences of the obtained parameters A and A are shown 
in Fig. 10 (a). A decreases simply with increasing pres- 
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Fig. 8. (Color online) (a)Temperature dependences of the elec- 
trical resistivity p and (b) low-temperature resistivity at several 
pressures in U2Zni7. 



sure, from 0.35 /iS7-cm/K 2 at 1 bar to 0.14 /if2-cm/K 2 . 
The corresponding 7 values are estimated as 190 and 
120 mJ/K 2 -mol at 1 bar and 8.7 GPa, respectively, us- 
ing the Kadowaki- Woods relation (A/j 2 — l.Ox 10 -5 ). 47 ) 
The estimated 7 at 1 bar is consistent with the observed 
value of about ~ 200 mJ/K 2 -molU. It is suggested that 
7 decreases with increasing pressure. A increases mono- 
tonically from 19 K at 1 bar to 33 K at 8.7 GPa, indi- 
cating that the antiferromagnetic state is enhanced with 
increasing pressure. 

Very recently, Sidorov, et al. performed the resistiv- 
ity and ac heat capacity measurements on U2Zni7 up 
to 5.5 GPa. 48 ) The reported pressure dependence of Tn 
is roughly consistent with that observed in the present 
study. In the study, two successive magnetic transitions 
were observed in the pressure range of 2.64 - 3.25 GPa. It 
was concluded that the antiferromagnetic ground state 
changes to a new antiferromagnetic phase at approxi- 
mately 2.4 GPa. Since we have not investigated the pres- 
sure dependence of Tn in detail at approximately this 
pressure, the change of the magnetic ground state is not 
discussed within the present data. We only mention the 
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Fig. 9. (Color online) Pressure dependence of the Neel tempera- 
ture Tn in \J2Znn. 
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Fig. 10. (Color online) Pressure dependences of (a) the coefficient 
of T 2 term of the resistivity A (left side) and the antiferromag- 
netic gap A (right side), and (b) the characteristic temperature 
7p max where the resistivity p shows a maximum value in U 2Zni7. 



possibility that the slight change in the pressure depen- 
dences of A and A at approximately 3 GPa shown in Fig. 
10 (a) is due to the appearance of the pressure-induced 
new magnetic phase revealed by our work. 

Figure 10 (b) shows the pressure dependence of T pmayL . 
This characteristic temperature T pmax varies linearly as 
a function of pressure, shown as a solid straight line in 
the Fig. 10 (b). The pressure derivative of dT pmax /dP is 
1.0 K/GPa. Noted that T pmax corresponds to the charac- 
teristic temperature To of the electronic state in \J2Znu. 
The Griineisen parameter Tt for To is written as fol- 
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Fig. 11. (Color online) Griineisen parameter ZVj vs linear heat 
capacity coefficient 7 for several cerium and uranium com- 
pounds. 19, 50, 51 ) The bold line is a guide to the eye. 



lows: 



dinr 1 dT 



T dP' (2) 

where B is the bulk modulus, estimated to be 83 GPa 
at 297 K for U2Zni7 by ultrasound measurement. 49 ' The 
Griineisen parameter /V is 4.6 in U2Zni7. This value 
is small compared with those of heavy-fermion com- 
pounds, where the Griineisen parameter is usually about 
one or two orders of magnitude larger than those of or- 
dinary metals. 19, 50 > 51 ) For example, the Griineisen pa- 
rameters for the characteristic temperature T of the 
heavy-fermion superconductors CeCu 2 Si 2 , UBei 3 , UPt 3 , 
and URu 2 Si 2 are 22, 103, 76, and 19, respectively. 19 ' 50 ' 
In Fig. 11, we plot the relations of the Griineisen pa- 
rameter /Yo & n( i the electronic specific heat coefficient 
7 for several cerium and uranium heavy-fermion com- 
pounds. 19 ' 50 ~ 52 ) Theoretically, the 7 value correlates 
with the Griineisen parameter enhanced by the many- 
body effect in the Kondo lattice system. 53 ' 54 ' It is sup- 
posed that the Griineisen parameter of U 2 Zni7 is unusu- 
ally small when the large 7 value is taken into account. 
The Griineisen parameter Fa for A in the resistivity is 
estimated as 2.5 in the low-pressure region. This value 
is also small compared with those of UBei3 and UPt3, 
where the values of T^ are 17 and 61, respectively. 19 ' 
These small values of the Griineisen parameters suggest 
that the electronic state in U 2 Zni7 is not so sensitive to 
the change of the lattice parameters compared with those 
of the other heavy-fermion compounds with the order of 
7 = 100 mJ/K 2 -mol. 

It is interesting to note that the antiferromagnctic 
state in U 2 Zni7 is very sensitive to a small amount of sub- 
stitution on the Zn site. 55 ' The antiferromagnetic tran- 
sition temperature Tn is strongly depressed to below 1.5 
K with the substitution of only 2% Cu on the Zn site. 



On the other hand, the magnetic ordered state does not 
seem to be easily destroyed by high pressure. A much 
higher pressure far above 10 GPa seems to be needed to 
suppress the magnetic ordered state. 

We compare the pressure effect on the antiferromag- 
netic state in U 2 Zni7 with the cerium antiferromagnetic 
compounds Celn3 and CeRhlns whose bulk moduli of 67 
and 78, respectively, are close to that of U 2 Zni7. 56 ' 57 ' 
Both Celn3 and CeRhIn5 order antiferromagnetically at 
Tn =10 K and 3.8 K, respectively, at ambient pressure. 
Under high pressure, the antiferromagnetic ordering tem- 
perature Tn becomes K at critical pressures P c of 2.1 
and 2.5 GPa, respectively, and the ground state changes 
into the superconducting one at approximately P c . The 
magnetic to non-magnetic transition takes place below 
3 GPa in both compounds whose compressibility /3 (= 
1/B) is similar to that of U 2 Zni7. On the other hand, 
the antiferromagnetic ordered state in U 2 Zni7 is not eas- 
ily destroyed, but is stabilized under high pressures of 
up to 9 GPa. The pressure effect on the antiferromag- 
netic phase as well as on the paramagnetic electronic 
state in U 2 Zni7 is thus highly different from those of 
the heavy-fermion cerium compounds described basically 
by the Doniach model for the Kondo lattice. The weak 
pressure effect on Tn may be ascribed to the itinerant 
character of the 5/ electrons in U 2 Zni7, as discussed 
in uranium monochalcogenides UX(X=Te, Se, S). 58-61 ' 
The pressure dependence of the Curie temperature Tq 
in uranium monochalcogenides deviates from that in the 
Doniach model, but is explained by the spin fluctuation 
theory of an itinerant 5/ electron system based on the 
Hubbard model. 62 ' 63 ' In the theory, the pressure-induced 
increase in the hydridization between 5/ and conduction 
electrons strengthens the exchange interaction J between 
uranium ions, but it also decreases the 5/ spectral weight 
(magnetic moment) at the uranium site. The model pre- 
dicts a much more gradual demagnetization of the itin- 
erant magnetic system under higher pressure than the 
Doniach picture. The present weak pressure dependence 
of T*n in U 2 Zni7 may reflect the itinerant character of the 
5/ electrons in the compound, which is different from the 
4/ electron system in cerium compounds. It is interesting 
to note high-pressure studies of the well-known heavy- 
fermion antiferromagnet UCU5 where the antiferromag- 
netic phase transition takes place at Tn = 15.9 K. It was 
revealed that the Neel temperature Tn of UCU5 increases 
with increasing pressure very gradually at a rate of 0.33 
K/GPa and that the magnetic phase exists even at 13 
GPa. 64,65 ' It is suggested that the pressure response of 
uranium heavy fermion compounds with the antiferro- 
magnetic ground state generally differs from that of the 
4/ electron system in cerium compounds. 

4. Conclusions 

We have performed a high-field magnetization exper- 
iment as well as a high-pressure experiment on single 
crystals of U 2 Zni7 grown by the Bridgman method. We 
also measured the electrical resistivity and magnetic sus- 
ceptibility at ambient pressure. The experimental results 
are summarized as follows: 
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1) Both the magnetic susceptibility \ and electrical re- 
sistivity p at ambient pressure show a broad maximum 
at approximately 18 K in the paramagnetic state above 
Tn, similarly to those observed in the heavy- fermion su- 
perconductors UPt3, UPd 2 Al 3 , and URu 2 Si2, which is 
consistent with the results of the previous studies. The 
magnetic susceptibility is anisotropic between H || [0001] 
and H _L [0001], but the anisotropy of the susceptibility 
is not present betweeen H || [1120] and H || [1010]. The 
resistivity p for J || [1120] is approximately half as small 
as that for J || [0001] above T N . 

2) In the antifcrromagnetic state below Tn, the metam- 
agnctic transition is observed at H c = 30 T in the field 
along the antifcrromagnetic easy axis of [1120]. The mag- 
netic phase diagram for the field along the [1120] direc- 
tion is given. The magnetization shows the metamagnetic 
behavior at H m ~ 35 T in the paramagnetic state above 
T N . We suggest that the behavior of the magnetization is 
the same as those observed in heavy-fermion compounds 
such as UPt 3 , UPd 2 Al 3 , and URu 2 Si 2 . 

3) From the high-pressure experiment using the diamond 
anvil cell, it was clarified that the antifcrromagnetic or- 
dering temperature Tn is almost pressure-independent 
up to 4.7 GPa and starts to increase in the higher- 
pressure region. The critical pressure for the magneti- 
cally ordered state seems to be far above 10 GPa. 

4) The Griineisen parameter 7Y for the characteristic 
temperature To was estimated to be 4.6 for U 2 Zni7 from 
the pressure dependence of T pmax , where the resistivity 
p shows a maximum value. The value of the parameter 
is small compared with those of the other heavy fermion 
compounds, of which the electronic specific heat linear 
coefficient 7 is in the order of 100 mJ/K 2 -mol, indicating 
a small response of the electronic state to a change of the 
lattice parameter. 
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